This work presents a descriptive analysis of statistical research in Europe in the period 1985{1997. Research productivity is measured by using the volume of articles published in a set of journals with high impact index. We present a comparison of the research productivity of the di erent countries in this period, and study their dynamic evolution by comparing the research productivity in the rst and the last ve y ears in the sample. This type of analysis is also applied to compare the statistical research institutions in Europe.
Introduction
The analysis of objective measures of research productivity is important i n order to evaluate the relative position of each institution and to establish strategies for improvement. This analysis is also important at the country level in order to identify the strengths and weakness of di erent scienti c elds and to evaluate the resource allocation e ciency. For instance, Caballero and Peña (1987) analyzed the relative e ciency of funds allocation in Spain and found that this e ciency has been very high. Analyzing research productivity is becoming standard practice in many scienti c elds. In the eld of statistics, Phillips, Choi and Schochet (1988) present the rst study of countries and institutions research productivity by using a worldwide sample of refereed journals over the period 1980{1986. Genest (1997) updates the study of Phillips, Choi and Schochet by comparing the countries and institutions statistical research output between 1985 and 1995 . Genest (1999 compares research productivity and publication habits in probability and statistics in the period 1986{1995, and detects signicant cultural di erences between the two elds. Finally, Gil, Peña and Rodr guez (1999) compare the trends in statistical research productivity i n the most productive institutions in the world in the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] . In this article we will use this last data base to analyze statistical research i n Europe.
As indicated in the previous references, measuring the research productivity of an institution in a given period of time is not an easy task, because of the many dimensions that should be taken into account. First, we have to de ne the research output of the members of the institution, second, we h a ve to decide the relative w eight of each piece of research and third, we h a ve to decide how t o c o m bine these di erent contributions. The normal measures of research output in the eld of statistics are based on the number of articles published in refereed statistical journals. This choice can be criticized, because this variable clearly does not represent the total research contribution. It does not include books, PhD. theses, or articles published in subject matter journals. However, it is generally accepted that, although incomplete, the number of articles in the key journals of the eld is the single most important variable to evaluate the research excellence of an institution and we will use this measure in this study. In order to apply this measure, we h a ve to decide the relative w eight o f e a c h article. There are three key variables to be considered: (1) number of authors, (2) article length and (3) publishing journal. The usual procedure is to weight each article by a factor F = P A I where P is the number of adjusted pages of the article, A is the numberof authors and I is an indicator variable that takes the value 1 if the journal is included in the data base used and 0 otherwise. Again this weighting can be criticized in a numberofways. First, the contribution of an article is not in general related to its length. Second, this method penalizes articles written by several authors. Third, the nal results could bestrongly in uenced by the journals included in the data base. However, it is not easy to overcome these limitations. Some authors have p r o p o s e d w eighting each article by its impact factor, de ned as the number of references it has received in a period of time (see section 2), but there are also some objections to this option: the result will depend very much on the period considered and some important papers are only recognized as such after several years. Also, theoretical papers are usually referenced more than practical papers in statistical journals but the situation may b e r e v ersed if we include journals in the subject matter eld. Also, some people disagree with dividing the pages by the numberof authors. Finally, with respect to the variable I some people have suggested weighting the journals by their impact factor. For instance, Dusansky and Vernon (1998) use this criterion to produce rankings of U.S. Economics Departments. Again there is no general agreement on this approach, because in many elds, and in particular in statistics, journals that publish survey papers will be possibly overweighted with respect to top research journals.
Given the previous problems we have decided to follow the most standard practice and use as measure of research productivity of a given author, the number of proportional adjusted pages published by this author (PAG as de ned by Genest, 1997) . This measure, widely used by previous workers in the eld, has the advantage of allowing comparison with previous works and preventing us from introducing our personal biases into this analysis. To illustrate the computation of PAG, suppose that a member of an institution has written three articles, the rst one on his own, (23 adjusted pages), the second one in collaboration with another author (18 adjusted pages) and the third one in collaboration with two other authors (21 adjusted pages).
Then the value of PAG for this author will be P A G =23+18/2+21/3=39.
Other measures used in this study are:
ART: The numberofarticles published by an author, where each article is divided by the numberof coauthors. Thus a joint paper by two coauthors is counted as 0.5 ART for each one. AUT: The number of persons in a given institution that appear as authors or coauthors of any paper. DIS: The number of distinct individuals in a given institution having authored or coauthored at least one article in the Data Base. INST: The number of distinct institutions which h a ve at least one author 
The Data Base
The data base is a subset of the one used by Gil, Peña and Rodr guez (1999) . This main data set consists of all research articles on statistical theory published in the period 1985-1997, both years included, in 13 journals which can be considered as the core of the methodological contribution to statistical research. Table 1 presents these journals and their average impact factors in the last ve years of the sample. The impact factor of a journal in a given year is de ned as the number of current citations to articles published in a speci c journal in a two year period divided by the total number of articles published in the same journal in the corresponding two year period. The half life is de ned as the number of journal publication years going back from the current year which account for 50% of the total citations given by the citing journal in the current year. This data have been taken from SCI Journal Citation Report. Although this set of journals may underestimate the statistical contributions in some elds, as for instance, in the important eld of computational statistics or in the interface between statistics and econometrics, a set of similar journals has been used by previous authors and we believe it is broadly reasonable. Also comparing Genest (1997) and Genest (1999) it seems that this type of analysis is fairly robust to moderate changes in the set of journals chosen. The pages of the journals have been adjusted following the suggestion by Phillips, Choi and Schochet (1988) and Genest (1997) . We have used the factors proposed by Genest (1997) , that are calculated using the printed surface of journals, choosing The Annals of Statistics as the reference journal, and multiplying the number of pages of an article by the corresponding journal factor to obtain the number of adjusted pages. The productivity o f an institution is the sum of the proportional adjusted pages of all the authors that sign papers under the name of that institution. The productivity of a Country is the sum of those of all their institutions. Gil, Peña and Rodr guez (1999) Table 2 shows in its rst two columns how W orld and European productivity is distributed over the thirteen journals contained in our data base. The third column shows the index of European participation, de ned as the ratio of the second column with respect to the rst one. The last column presents the percentage of pages in each journal that are published by authors from institutions in Europe. We can conclude that Technometrics and The Canadian Journal of Statistics are the least \European" of this list of journals, whereas Scandinavian Journal of Statistics, International Statistical Review and Journal of the Royal Statistical Society B have a clear in uence. Table 3 presents the distribution of European countries' productivity over the thirteen journals in the period 1985{1997 and compares it with the distribution of the World productivity of these journals (last row of the table). As a measure of comparison we use the 2 distance: P i (p i ; p i j ) 2 =p i , where p i is the percentage of the World output published in the i-th journal andp i j is the same but for the j-th European country. The countries have been ordered using this 2 distance. The larger the value of this 2 distance, the larger the deviation from the World distribution. This table con rms and clari es some of the previous comments. It is interesting to note that journals linked to a country or group of countries show a clear bias in the direction of the sponsoring country. For instance, the U.K. output is very concentrated in the Journal of the Royal Statistical Society B and Biometrika, while the Scandinavian countries are overweighted in the Scandinavian Journal of Statistics. Also the output of each country is usually concentrated in a few journals. On the other hand, Belgium, Switzerland and Italy have a journal output distribution similar to that of the World.
Country
Average 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 U.S. 52.9 54.6 53.6 53.0 52.2 55.3 55.9 56.1 55.5 53.1 53.7 51.5 46.2 50.8 Canada 8.3 7.0 8.4 7.0 9.9 9.1 7.7 7.4 10.0 9.8 7.6 7.8 9.3 6.5 U.K.
6.7 9.2 8.3 6.2 7.2 5.4 6.4 7.0 5.7 6.3 6.0 7.2 6.3 7.1 Australia 3.8 3.5 3.9 5.2 4.2 3.6 2.9 2.6 3.6 4.1 4.6 2.8 4.0 3.9 New Zealand .6 .5 .8 .7 .4 .2 .6 .8 .9 .4 .5 .7 . Table 4 : Relative contribution of the English speaking countries to the output productivity of our data base.
Trends in Productivity in European Countries
In this section we will analyze the trends in productivity of European Countries. As most journals included in the data base are published only in English, a bias towards English speaking countries is expected. In fact, as shown in Table 4 , U.S., U.K., Canada, Australia, New Zealand and Hong Kong account for 73% of the total statistical research output in these journals. Table 5 shows the relative contribution of each European country to the World output (numberof adjusted pages published by authors of the country divided by total number of adjusted pages in the year), in the thirteen years considered in our analysis. This table shows a clear trend in the contribution of some countries. For instance, the U.K. and Denmark, have a d o wnward trend, whereas Germany and the Mediterranean countries have a clear upward trend. In order to analyze the dynamic evolution in these thirteen years we have compared productivity in the rst ve years in the sample to productivity in the last ve years. Table 6 shows the productivity of the European countries in these two periods, as measured by PAG of each country, and the percentage of their contribution with respect to the total European output (%). Countries have been sorted in decreasing order of their productivity in the last period, 1993{1997. To make the comparison easier, the fth column presents the position of the countries in the period 1985{1989. The last column shows the relative change in the percentage of contribution between bothperiods. The countries with Country Average 1985 1986 1989 1990 1991 1992 1993 1994 1995 1996 1997 Table 7 shows the number of di erent institutions (INST) and di erent authors (DIS) that appear in the Data Base for each European country in the rst and last ve years. Columns six and seven present the relative increases in the numberof institutions and authors in the second period with respect to the rst period. The last two columns are the average productivity for institutions (PAG/INST) and authors (PAG/DIS) from each country. It can beseen that there is a negative correlation between increasing the number of di erent authors and the average productivity perauthor (PAG/DIS). This may bedue to the entrance of many young statisticians that have initially a lower productivity than more senior people (see Spain, Italy, Austria and France). On the opposite side, Sweden, Norway and Denmark have a decrease in the numberof di erent authors but a large productivity per author. Note that the average number of adjusted pages published by european author in the last ve years is 15.2 (see Table 7 ). As the average length of a statistics paper is about 15 pages (see Genest, 1999) , this average productivity m a y correspond, for instance, to two papers of average length, jointly with one co-author, or to one single author paper, in a periodof ve y ears. It is interesting to stress that this average productivity is fairly stable among European countries, and goes (for countries with at least two authors) from a minimum of 10 (Portugal) to a maximum of 23:4 (Ireland).
Finally, 1984-1989 and 1990-1995 . The columns entitled change show the relative increase of the percentage of contribution in the second period, with respect to the rst period. The last column, Rate, shows the rate between the contribution to statistic and the contribution to science in the last period. Firstly, it can be observed that the increase in the contribution to statistics is correlated to the increase in the contribution to science. The countries with the biggest relative increases in their contributions to science are Portugal and Spain, which also has the largest increase in its contribution to statistics. The three countries with the largest bias towards statistics are Norway, Greece and Belgium. On the other hand, Russia, Italy, France, Hungary and Czechoslovakia have a contribution in statistics less than in science in general.
Trends in Institutions
In this section we will analyze trends in productivity of institutions in European countries. Before presenting this analysis we have to make two comments. Firstly this analysis may have a bias towards the biggest institutions. Secondly a decrease in the percentage of contribution may not imply a decrease in productivity, but a smaller growth than the other European institutions. It must be taken into account that a reduction in the relative contribution can also bedue to the incorporation, in the second period,of 120 new European institutions that did not appear in the rst period 1985{1989. Table 9 shows the 50 European institutions with the biggest productivity in the period 1985{1989. For each of them, we include the percentage of contribution over the total of Europe (%) and the position that the institution occupies in the ranking of European institutions in this period. The last column gives the positions in the period1993{1997, so that we may observe the evolution of each institution in the ranking. Imperial College is in the rst position in both periods, but in the last one (see Table 10 ) it moved from 3.37% to 2.09%, losing about a 38% of its relative contribution. The next two institutions in Table 9 Table 10 . An interesting feature of this table is that half of the 50 top institutions in 1993{1997 did not appear as such i n T able 9. This implies a very dynamic and changing situation among European institutions. For instance, some of the institutions that occupy the rst 20 positions in the ranking in Table  10 , such as the London School of Economics, the University of Giessen and Universit e Catholique de Louvain, were in low positions in the rst period. This pattern is similar if we take some other top institutions: only four of the top 10 institutions in 1985{1989 have remained among the ten best institutions in 1993{1997 only seven among the top 20 only twelve among the top 30 etc. In the last period, the rst two institutions in Table 10 are from the U.K. and the third from Germany, and all of them have a similar percentage contribution. Now, we look at the dynamic evolution of the countries to which these institutions belong. U.K. goes down from 21 institutions in Ta b l e 9 t o o n l y 17 in Table 10 and The Netherlands and Denmark go down from 5 to 2 institutions, whereas Germany m o ves up from 6 institutions to 12 institutions. The institutions that belong to Hungary (2 institutions) and Finland (1) disappear. They are replaced by new institutions from Switzerland (3), Spain (2) and Italy (1).
In order to compensate for biases dues to size we have compared the research output of an institution to the size of the research group. This analysis is presented in Tables 11 and 12. In the rst of these two tables we present the 50 top European institutions in the rst period (85-89) but now the ratio PAG/DIS has also been computed. As expected, small institutions in the top 50 must have a larger output per person than large institutions. In the rst period it is to be noted the high per person productivity of the University of Szeged, the University of Aarhus, the University of Essen and the University o f L i v erpool. In the second period (Table 12 ) the di erences in perperson productivity are larger than in the rst. The University of Giessen, shows an amazing productivity of 110.44 pages by person, compared to an average value of this measure in Europe in this period of 15.2 (see Table 7 ). Also the University of Aarhus, three German universities (Eichstatt, Bochum, Bielefeld) and one U.K. instituttion (Imperial Cancer Research Foundation) have more than 40 pages by person in this period. The largest groups of researchers (more than 10) were located in the rst periodin the Imperial College, the University of Oslo, the University of Copenhagen and the Universit e Paul Sabatier, whereas in the second period the numberof institutions with more than 10 active researchers goes up from 4 to 17. The largest groups are at INRA, Universit e P aul Sabatier and Imperial College.
Conclusions
The analyses we have presented indicate a very dynamic situation in statistical research in Europe in the last 12 years. As far as countries are concerned, the U.K., The Netherlands, and the Scandinavian countries decrease their relative contributions whereas Spain, Italy, Belgium, France and Austria have a big increase in their contributions. As far as institutions are concerned, the changes are very profound. Only half of the institutions that were among the top 50 in the rst period, 1985-1989, remain Appendix B -Trends in Spanish Institutions Table 14 shows the contribution of the main research institutions in Spain.
To check the consistency of the results we have used, in addition to the variable PAG, the variable ART. It is to be noticed that the two measures ART and PAG (see columns 1 and 2) lead to similar results. The institutions in this table have been sorted as a function of the output of adjusted pages in the period 1985{1997. Table 15 compares the rst ve years (1985{1989) with the last ve years (1993{1997) in the sample, in order to illustrate the dynamic evolution of these institutions over time. The rst institutions that appear in Table 15 are the University Carlos IIIofMadrid and the University of Cantabria. These universities have most of their productivity i n the later period and they have moved to positions 26 and 43 among the top 50 European institutions in the period 1993{1997 (see Table 10 ).
The last column of Table 15 shows the relative increase of the percentage of contribution in the second period with respect to the rst one. This relative increase has been calculated only for the institutions with some productivity in the rst period (13 in our data base). The two institutions with the biggest relative productivity increase are the University Aut onoma of Madrid and the University o f C a n tabria.
Finally, we have compared the research output of an institution to its group size. Table 16 shows that only four institutions have more than ve active research people in the last period, whereas in the rst period it did not exist any research group of this size. The most productive institutions are the University o f C a n tabria and the University Carlos III of Madrid. Six universities have a person productivity larger than the European average.
